


Effects of Dried Mango Pulp on Reproductive Parameters of Japanese Quail (Coturnix japonica) Reared in Côte d'Ivoire


Abstract
Aims: This study aimed to evaluate the effect of incorporating dried mango pulp at different levels into the diet on the reproductive performance of Japanese quail (Coturnix japonica) reared in Côte d'Ivoire, to identify an optimal inclusion rate for this local resource.
Study Design: A completely randomized experimental design was used.
Place and Duration of Study: The experiment was conducted at the experimental farm of Nangui ABROGOUA University, Abidjan, Côte d'Ivoire, between March and September 2025.
Methodology: Six hundred day-old Japanese quail chicks (mean initial weight 8.34 ± 0.14 g) were randomly assigned to four dietary treatments (150 chicks each) with three replicates of 50 chicks: T0% (control, commercial feed only), T5%, T10%, and T15% (commercial feed supplemented with dried mango pulp at 5%, 10%, and 15%, respectively). Kent variety mangoes were sun-dried and then oven-dried (80°C for 48h) before being ground and incorporated. Laying rate, egg characteristics (weight, length, diameter, shell, albumen, and yolk weights), fertility rate, hatchability, embryonic mortality, and overall quail mortality were measured over ten weeks. Data were analyzed using ANOVA and Tukey's test (P<0.05). Fertility, hatchability, and embryonic mortality rates were compared using the Chi-square test.
Results: The highest laying rate was recorded for the T5% group (96.95 ± 2.02%), significantly higher (P<0.05) than the T15% group (80.71 ± 2.77%). No significant differences (P>0.05) were found among treatments for egg physical characteristics (weight, dimensions, component weights). The T5% group showed the best numerical values for fertility (99%) and hatchability (98%), although not statistically different from other groups (P>0.05). Embryonic mortality differed significantly (P<0.05), with the lowest rate in T5% (1%) and the highest in T15% (18%). Overall quail mortality was not affected by the dietary treatments (P>0.05).
Conclusion: The incorporation of dried mango pulp at 5% improves key reproductive parameters in Japanese quail, offering a viable strategy for valorizing local agro-residues. Higher inclusion rates (10-15%) lead to antinutritional effects, reducing performance.
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1. Introduction
Poultry farming is a cornerstone of food security in Côte d'Ivoire, contributing significantly to meat and egg production (MIPRAH, 2008). However, the sector's heavy reliance on conventional feed ingredients, which can constitute up to 70% of production costs (Shanna et al., 2013), severely limits the profitability and expansion of emerging value chains like quail farming. The Japanese quail (Coturnix japonica) presents remarkable zootechnical advantages, including rapid growth, early sexual maturity, and high prolificacy (Nanda et al., 2015; Sarabmeet & Mandal, 2015), making it a species of interest for diversification. In this context, the valorization of locally abundant and underutilized resources offers a sustainable strategy to reduce feed costs and improve nutritional autonomy. The mango (Mangifera indica), widely produced in Côte d'Ivoire, generates substantial by-products (pulp, kernels, peels) that are often wasted. Dried mango pulp is rich in vitamins (A, C), minerals, and antioxidant compounds, presenting promising nutritional potential for animal feed (Rao et al., 2003; Sanon et al., 2013). Previous studies in poultry have indicated that moderate inclusion can improve performance without compromising animal health (Vieira et al., 2008; Odunsi, 2005). Nevertheless, specific data on the impact of dried mango pulp on the reproductive parameters of Japanese quail, particularly under Ivorian rearing conditions, remain scarce. This study therefore aimed to evaluate the effect of different inclusion levels of dried mango pulp on the reproductive performance of Japanese quail reared in Côte d'Ivoire, to determine an optimal rate for sustainable and cost-effective feed formulation.

2. Material and Methods
2.1. Study Site and Animals
The experiment was conducted at the experimental farm of Nangui Abrogoua University in Abidjan, Côte d'Ivoire. A total of six hundred one-day-old Japanese quail chicks (Coturnix japonica) with a mean initial weight of 8.34 ± 0.14 g were used. The birds were randomly distributed into four dietary groups of 150 chicks each, housed in battery cages under standard management conditions with initial brooding provided by 70 W bulbs.

2.2. Experimental Diets and Feed Preparation
Kent variety mangoes were purchased locally, washed, sliced, and subjected to a two-stage drying process: initial sun-drying for six days followed by oven-drying at 80°C for 48 hours to ensure complete dehydration and microbiological stability. The dried pulp was then finely ground and sieved. Four iso-caloric and iso-nitrogenous experimental diets were formulated: a control diet (T0%) consisting of a commercial layer mash, and three test diets where the commercial mash was supplemented with the processed mango pulp at 5% (T5%), 10% (T10%), and 15% (T15%) by weight, respectively.	Comment by pc: were

2.3. Measured Parameters and Data Collection
The experiment lasted ten weeks, covering the growth and laying phases. The following parameters were recorded or calculated:
- Laying performance: Weekly laying rate (%) was determined.
- Egg quality: A random sample of eggs per treatment was collected weekly to measure weight (g), length (mm), diameter (mm), and the individual weights of shell, albumen, and yolk (g).
- Hatchability traits: A total of 100 eggs per treatment, collected over three consecutive days, were incubated at 37.8°C and 60% relative humidity for 17 days. Fertility rate (%), hatchability of fertile eggs (%), and embryonic mortality rate (%) were determined.
- Mortality: Weekly mortality of quails was recorded to calculate the overall mortality rate.

2.4. Statistical Analysis
Collected data were analyzed using XLSTAT software (2025 version). Growth and laying performance data were subjected to one-way analysis of variance (ANOVA). When ANOVA indicated significant differences (P < 0.05), means were separated using Tukey's Honestly Significant Difference (HSD) test. Percentages for fertility, hatchability, and embryonic mortality were compared using the Chi-square (χ²) test. Results are presented as mean ± standard deviation.

3. Results and Discussion

3.1. Laying Rate
The dietary inclusion of dried mango pulp significantly (P < 0.05) influenced the weekly laying rate of Japanese quail. As presented in Table 1, the T5% group consistently achieved the highest laying rates throughout the experiment, culminating in a final rate of 96.95 ± 2.02%. This was significantly higher (P < 0.05) than the rate observed in the T15% group (80.71 ± 2.77%). The control group (T0%) and the T10% group showed intermediate performances.

Table 1 : Laying rate (%) of Japanese quail fed diets containing different levels of dried mango pulp 
	Diet
	W0-W1
	W1-W2
	W2-W3
	W3-W4
	W4-W5

	T 0%
	5,13±1,47b
	[bookmark: _Hlk207136262]19,54±1,12b
	35,16±2,04a
	59,46±1,53b
	90,72±1,65ab

	T 5%
	8,79±0,56a
	[bookmark: _Hlk207136183]27,35±2,65a
	42,12±1,60a
	67,40±1,94a
	96,95±2,02a

	T10%
	6,35±0,76ab
	22,47±0,56b
	34,55±0,21a
	53,48±0,97c
	87,42±2,94b

	T 15%
	5,49±1,27ab
	19,17±0,56b
	33,33±4,76a
	49,08±0,73d
	80,71±2,77c

	MES
	1,163
	2,225
	6,716
	1,889
	5,781

	P-Value
	0,034
	0,0005
	0,082	Comment by pc: The use of superscripts in mean comparison tests (Tukey) apply to means that differ significantly in the overall ANOVA test. I would suggest that you remove them in W2-W3 data. 
	0,0001
	0,0002



Means within a column followed by different superscript letters differ significantly (P < 0.05); MES: Mean of Standard Errors; T0%: 0% mango pulp; T5%: 5% mango pulp; T10%: 10% mango pulp; T15%: 15% mango pulp; W: Week.

3.2. Egg Physical Characteristics
The results for egg quality parameters are summarized in Tables 2 to 7. No significant differences (P > 0.05) were observed among the dietary treatments for egg weight (Table 2), shell weight (Table 3), albumen weight (Table 4), yolk weight (Table 5), egg length (Table 6), or egg diameter (Table 7) throughout the laying period, indicating that mango pulp inclusion did not alter the physical properties of the eggs.

Table 2 : Egg weight (g) of Japanese quail fed diets containing different levels of dried mango

	Diet
	W0-W1
	W1-W2
	W2-W3
	W3-W4

	T 0%
	[bookmark: _Hlk206765519]10,53±0,29a
	10,98±0,35a
	11,48±0,37a
	11,75±0,70a

	T 5%
	[bookmark: _Hlk206765543]10,31±0,36a
	11,18±0,59a
	11,60±0,35a
	11,98±0,22a

	T10%
	[bookmark: _Hlk206765581]9,81±0,46ab
	10,81±0,24a
	11,56±0,56a
	11,61±0,77a

	T 15%
	[bookmark: _Hlk206765637]9,21±0,42b
	10,83±0,34a
	11,41±0,64a
	11,18±0,40a

	MES
	0,151
	0,161
	0,245
	0,324

	P-Value
	0,013
	0,665	Comment by pc: Same comment for superscripts in Mean Comparison test.
	0,965
	0,422



Table 3 : Shell weight (g) of Japanese quail fed diets containing different levels of dried mango

	Diet
	W0-W1
	W1-W2
	W2-W3
	W3-W4

	T 0%
	0,73±0,09a
	0,95±0,15a
	[bookmark: _Hlk206795829]0,86±0,09b
	0,90±0,11a

	T 5%
	0,74±0,11a
	0,96±0,13a
	[bookmark: _Hlk206795923]0,90±0,05b
	0,90±0,07a

	T10%
	0,78±0,14a
	0,91±0,16a
	[bookmark: _Hlk206795981]0,84±0,10b
	0,88±0,09a

	T 15%
	0,80±0,05a
	0,82±0,14a
	[bookmark: _Hlk206795797]1,28±0,31a
	0,90±0,11a

	MES
	0,011
	0,021
	0,029
	0,010

	P-Value
	0,821
	0,644
	0,040	Comment by pc: Keep them here
	0,992



Table  4 : Albumen weight (g) of Japanese quail fed diets containing different levels of dried mango

	Diet
	W0-W1
	W1-W2
	W2-W3
	W3-W4

	T 0%
	5,50±0,16a
	5,66±0,31a
	6,00±0,32a
	[bookmark: _Hlk206768178]6,32±0,50ab

	T 5%
	5,77±0,39a
	5,75±0,37a
	6,25±0,27a
	[bookmark: _Hlk206767846]7,13±0,39a

	T10%
	5,46±0,22a
	6,07±0,24a
	6,40±0,28a
	[bookmark: _Hlk206768230]6,23±0,25ab

	T 15%
	5,31±0,28a
	5,80±0,20a
	5,89±0,16a
	[bookmark: _Hlk206768106]5,99±0,23b

	MES
	0,077
	0,084
	0,07
	0,13

	P-Value
	0,306
	0,398
	0,153
	0,023	Comment by pc: Keep them here



Table  5 : Yolk weight (g) of Japanese quail fed diets containing different levels of dried mango

	Diet
	W0-W1
	W1-W2
	W2-W3
	W3-W4

	T 0%
	2,44±0,25
	3,00±0,16
	2,66±0,18
	3,00±0,20

	T 5%
	2,44±0,24
	2,75±0,13
	3,06±0,30
	3,25±0,33

	T10%
	2,27±0,38
	2,57±0,30
	2,60±0,21
	2,91±0,27

	T 15%
	2,90±0,37
	2,38±0,41
	2,40±0,32
	2,92±0,19

	MES
	0,101
	0,076
	0,067
	0,065

	P-Value
	0,168
	0,111
	0,072
	0,38



Table  6 : Egg length (mm) of Japanese quail fed diets containing different levels of dried mango

	Diet
	W0-W1
	W1-W2
	W2-W3
	W3-W4

	T 0%
	[bookmark: _Hlk206770251]29,36±0,73b
	31,65±0,99a
	32,30±0,28a
	32,59±0,26a

	T 5%
	[bookmark: _Hlk206770046]31,26±0,3a
	32,41±0,49a
	32,47±0,29a
	32,61±0,76a

	T10%
	[bookmark: _Hlk206770311]29,43±0,80b
	31,36±1,62a
	32,37±0,59a
	32,61±0,64a

	T 15%
	[bookmark: _Hlk206770368]28,60±0,62b
	31,30±1,33a
	33,71±1,47a
	32,13±1,88a

	MES
	0,411
	1,406
	2,187
	1,051

	P-Value
	0,005	Comment by pc: Keep them here
	0,659
	0,535
	0,789



Table  7 : Egg diameter (mm) of Japanese quail fed diets containing different levels of dried mango

	Diet
	W0-W1
	W1-W2
	W2-W3
	W3-W4

	T 0%
	24,20±0,65a
	24,85±0,25a
	25,24±0,40a
	25,28±0,11a

	T 5%
	24,71±0,71a
	25,04±0,27a
	25,24±0,59a
	25,26±0,97a

	T10%
	22,84±0,83a
	24,78±0,45a
	25,25±0,24a
	25,51±0,61a

	T 15%
	22,78±0,99a
	24,79±0,74a
	24,96±0,41a
	24,98±0,30a

	MES
	0,651
	0,222
	0,183
	0,353

	P-Value
	0,052
	0,896
	0,811
	0,757


Means within a column followed by different superscript letters differ significantly (P < 0.05); MES: Mean of Standard Errors; T0%: 0% mango pulp; T5%: 5% mango pulp; T10%: 10% mango pulp; T15%: 15% mango pulp; W: Week.

3.3. Hatchability Traits
The results for fertility, hatchability, and embryonic mortality are presented in Tables 8, 9, and 10, respectively. While the T5% group showed the highest numerical values for fertility (99%) and hatchability (98%), these differences were not statistically significant (P > 0.05) compared to the other groups (Tables 8 & 9). However, a highly significant difference (P < 0.05) was observed for embryonic mortality (Table 10). The T5% group had the lowest embryonic mortality rate (1%), which was significantly lower than the rates for T0% (6%), T10% (10%), and T15% (18%).

Table 8: Fertility rate (%) of Japanese quail eggs from hens fed diets containing different levels of dried mango pulp

	Diet
	Number of eggs incubated
	Number of fertile eggs (%)
	Number of infertile eggs (%)
	Khi-2
	P-Value

	T 0%
	100
	96
	4
	7,707
	0,212

	T 5%
	100
	99
	1
	
	

	T 10%
	100
	95
	5
	
	

	T 15%
	100
	93
	7
	
	



Table 9: Hatchability rate (%) of Japanese quail eggs from hens fed diets containing different levels of dried mango pulp

	Diet
	Number of fertile eggs
	Number of eggs hatched
	Number of unhatched eggs (%)
	Khi-2
	P-Value

	T 0%
	96
	90
	6
	7,707
	0,212

	T 5%
	99
	98
	1
	
	

	T 10%
	95
	85
	10
	
	

	T 15%
	93
	75
	18
	
	



Table 10: Embryonic mortality rate (%) of Japanese quail eggs from hens fed diets containing different levels of dried mango pulp

	Diet
	Number of eggs
	Number of fertile eggs
	Number of dead embryos (%)
	Khi-2
	P-Value

	T 0%
	100
	96
	6
	7,867
	0,0001

	T 5%
	100
	99
	1
	
	

	T 10%
	100
	95
	10
	
	

	T 15%
	100
	93
	18
	
	



3.4. Quail Mortality
The overall mortality rate of quails during the rearing period was not significantly affected (P > 0.05) by the dietary treatments (Table 11), with mortality being highest in the first week and declining thereafter across all groups.

Table 11: Mortality rate (%) of Japanese quail during rearing fed diets containing different levels of dried mango pulp
	Diet
	W0-W1
	W1-W2
	W2-W3

	T 0%
	8,33±2,51a
	2,38±0,82a
	0,48±0,41a

	T 5%
	5,48±1,49a
	0,95±1,09a
	0,00±0,00a

	T10%
	9,29±1,43a
	2,38±1,80a
	0,71±0,71a

	T 15%
	6,90±1,09a
	1,67±1,09a
	0,48±0,41a

	MES
	2,934
	1,573
	0,213

	P-Value
	0,106
	0,486
	0,349



Means within a column followed by the same superscript letter do not differ significantly (P > 0.05).







The findings of this study demonstrate that a moderate inclusion (5%) of dried mango pulp in the diet enhances the reproductive performance of Japanese quail, while higher inclusion levels (10% and 15%) lead to a progressive decline in zootechnical parameters.
The improved laying rate and significantly reduced embryonic mortality observed in the T5% group can likely be attributed to the nutritional profile of mango pulp. Mango is rich in fat-soluble (A, E) and water-soluble (C) vitamins, as well as antioxidant compounds like polyphenols and carotenoids (Lauricella et al., 2017). These micronutrients are known to support reproductive functions, enhance oocyte quality, and improve embryonic vitality (Ranganath, 2018). The positive results at 5% inclusion align with studies suggesting beneficial effects of plant-based antioxidants on avian reproduction.
Conversely, the deterioration in performance at 10% and 15% inclusion suggests the presence of limiting factors. As reported by Odunsi (2005) and Vieira et al. (2008), mango by-products have a relatively low crude protein content and may contain antinutritional factors (e.g., tannins, insoluble fiber). At high doses, these can reduce nutrient digestibility, dilute dietary protein and energy density, and potentially disrupt metabolism. This explains the significant drop in laying rate and the sharp increase in embryonic mortality in the T15% group, a phenomenon also noted by Diarra et al. (2008) in broiler chickens fed high levels of mango kernel meal.
The absence of significant effects on egg physical characteristics (weight, dimensions, component weights) and overall quail mortality indicates that the general health and calcium metabolism of the layers were not adversely affected by the experimental diets. These observations corroborate those of Hrnčar et al. (2014), who found no influence of various plant supplements on the external and internal egg quality traits of quail, suggesting a strong phenotypic stability for these characteristics.

4. Conclusion
[bookmark: _GoBack]In conclusion, the incorporation of dried mango pulp at a 5% level in the diet of Japanese quail improves key reproductive parameters, specifically the laying rate and embryonic survival, without compromising egg quality or bird health. This optimized rate offers a viable strategy for valorizing a locally abundant agro-industrial by-product, potentially reducing feed costs in quail production systems in Côte d'Ivoire. Higher inclusion rates (10-15%) induce antinutritional effects, reducing performance. Further studies are recommended to investigate the effects of fresh mango pulp and to assess the impact on biochemical and hematological parameters.
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